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Elfec-troBS i^d Het&ods To Prepare Jted Us© Sucfa Compos itipus 
1 . Field of the Invention 



The invention provides. pjrpphyiact.ic.,. 
industrial antioxidant coRsposit ions I Hat ar 
Stabilized atamic hydroigen/free electrons. The 
provides methcids to prepare and use: such 
ccmp&sitioris. 



t h.e r.a pe « t x c a n d 
enhanced v-zith 
invention also 
^iitiojildant 



is i.ri\'dlv^d irs 
productiori to 



2 . Descrij^^tiora of tbe Related Art. 

Moiscular oxygen is an essen-tial substance fox all 
aerobic .Drganisirvs> iriGludlng Kumans- Oxygen 
niarsy xnetabolic react ions ^ranging from energy 
the synthesis of vifcanlin M and prastagliritdins arid the 
deoxif ication and jfietabDlisir! of dnigs, chemicals and foods. 
Some .forms of oxygen and oxygen-containing species are very 
reactive and can cause s;igr)if i eant: daimage to the organisiT!. 
Such moieties are termed reactive oxygen species ("ROS") . 

ROS iTJcIude ijydrogen peroxide/ hyd:foxyl radical > 
superoxide radical, singlet oxygany etc. Hydr^sgen peroxide is 
relatively stable and remains until it is destroyed or feaets 
with molecijies sensitive to oxidative dajnage. 
as hydrGxyl radicals, are very unstable a.nd 
than a feiw picoseconds to seconds, depending on the 
environment. The hydroxyl radical is one example of another 
reactive groap, referred to as free radlGal speeies. Free 
radicals are Sitpms, ions or molecxjles that contain an unpaired 
free electron. The presence of an unpaired free electron is 
one of the reasons for the high reactivity anc short lifetime 
of most such species. Free radicals and RQS are normal 
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products of Tnetabolism and are actually involved in the 



and L, Packer ^ 



reguiation of cellular processes [C, K, Sen 
FASEB J., Vol. 10, 227 {1^9%) ] . However, the 
Qf ROS arid free radicals is involved in^ the: pathogenesis, of a 
wide variety of, human disemm [C. K. Sejv, and I . Packer,, mSES. 
J,, Vol. 10, 227 (199:6)]. Such diseases include cancer, 
diabetes, AIDS, cardiov-ascular diseases, neurodegenerative 
diBeases, skin diseases, autoinsmune diseases and others. 

ROS can damage biological isacromolecules, cells, tissues 
and organs in many ,,ways;. Oxidation of sulfhydryi, gjrpups and 
other sensitive;: .components of proteins can either increaae or 
decrease the activity of ensymes. It was also recently 
discd^ered that oxidative mpdif ipation of proteins is involved 
in the control and regulation of laany cellular prpcesses [C. 
K. Sen and I-., backer, FASEE J., Vol. 10, 
Peroxidation of membrane lipids' can result in 
unsaturated lipids and modification pf 
permeability to different ions and ffiolecuies. 



as calciurn :are also involved in the control and regulation of 
cellular processes. Hydrdxylatlon of nucleic 
the breakup of iiucieic acids are also deleterious processes 
that result from the presence of excessive concentrations cf 
HOS, Once formed, many free radicals are involved in "chain 
reactions" producing other free radicals and 



ROS. 



25 scavenging and degradation of free radicals can produce highly 



reactive, damaging specieS:. 
257, X220 (19:92).] . 

.Organis.nis , inciuding huMans> have evolved ways of 

handling dangerous ROS, Organisms posses a :xarge number of 
defenses against the deleterious effects of BOS. 
instance. Oxidative Stress, Oxidant s and 



Academic f*res.s, London, la^H. Many enzymes and small 



227 (1996)]. 
cr OS si in king o|; 
the cellular 
Some ions such 



.Even the: 



Science, Vol. 



[See, for 
An t io, X i da n t s 
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very efficient 
r £j d i ca i s . Such 



is p rod used- 
S are,, efficient 



molecules are used by aerofctc cells to protect against the 
dasttage causea .iay EOS.: .Ens y me s which are used to catalyse the 
removal or transformation of ROS include superoxids disra^tase, 
cat,alas,e, glutathione peroxidase., glatathlone trarisferase etc* 
Small mdiaeules used by aetobic cells to scavenge HOS include 
■vitaii-ins C, E and R, glutathione, ubiquinone, uric acid, 
carotenoids, etc. Superoxide dismutase is a 
catalyst for the rei^f^l bi: superoxide fr#e 
removal results in the: prQ!ducti:On of hyd^rogen perostide 
Catalase, in turn> is a very efficient catalyst fbr the 
removal of the hydtogen peroxide t.hkt 
Glutathione .peroxidase and tramVferase enzyme 
in the removal of many ROS. Among small molecules, the most 
important molecule involved in the prevention of damage caused 
by ms is a thiol -containing tripe^itlde:, glutathione [see, for 
instance. Oxidative Stress, Oxidants and AntioKidants, 
Academic Prs^s, Lond0% 19S1]:, Qlutathidhe fssSH) is present 
in all animal cells in milliinolaa: cohc^htratipns and is 
directly invoived in the reduction 
detojcificatlon) of ROS. Reduction of ROS 
results in oxidation and dimerization of glutathione to the 
disulf ide-linked dimer {QSSG) . This oxidized form of 
glutathione is toxic and oxidizing in itself. . Other small 
moiecules such as ascorbate {vitamin C) or tocopherol (vitamin 
:E) also can directly teduce ROS. The difference between 
enzymes such as: superoxide dismutase and small molecules such 
as vitamin G is that the former can catalytically rersove many 



and, thereby, 
by glutathione 



molecules of HOS, while the latter reacts 



stoichiometrically, usually in a 1:1 or 2:1 ratio. 



always toxic. 



HoKever;^ RQS and free radicals are not 
.Recent evidence suggests that at mcdea-ately high. 
coBcentrations, certain forms of RGS such as hydfogeh 



v;ith o.xidant,3 
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peroxide, may act as signal transduction messengers involved 



rentiation and 
Vol, 10, 227 
by diffex':ent 



Sen and L. 

In fact, the 



in the control of cell, prolif srat iGnr diffej 
death [C. K. Sen and L., Packer, Fi^SSB J., 
(1996,) ] > Regulation of. gene expression 

5 concentrations of .many ::oxida.n.tB and: antiOKidants .has recently 
been: shown. It was shown that the activity of iriany proteins 
involved in signal transduction and ^ene t tanscrtptidn is 
modified by intracellular redoK state [C. 
Packer, FASEB J., Vol. ;1Q, 227 (1995)]. 

IG regulation of gene expression hy oxidants;, antioxidants, and 
the cellular re^doX; state has: siaerged as a novel subdiscipline 
in molecular biGlogy that lias promising therapeutic 
iffiplicatiohs [C. K. Sen dnd L. Packer^ FASEB J*, Vol. 10, 227 
(1996)]. Redox- regulated transcription factors such as AP-1 

15 and NFDB have been shovjn to be implicated, in the pathogenesis 
of rfLany inflamniatory diseases, cancer, AIDS, diabetes 
compliGatiohs, atherosclerosis and neurodegenerati-ve diseases. 
It was observed that critical steps; in, the signal transduction 
cascades are sensitive to oxidants and antioxidants. it was 

20 also shown that the interaction of some metiiferane prdxelns, 
proteih phosphorylation and the binding and activation of 
transcription factors are sensitive to physiological oxidant- 
antioxidant horaeostasis [C. K. Sen and L, Packer, FASEB J., 
Vol. 10,. 227 (1996:)]. Sen and Packe.r suggested those 

2 5 oxidants, antigxidants and other factors that influence 
intracellular redox statTis$:: can be devslppe^d into novel 
. potential prophylactic and therapeutic agents. 

Scientists and other individuals involved in the 
de\n2lopMent of pharrrtace-atical and dietetic products based on 

30' antioxidant action realized the potential usefulness of 
antioxidants long ago. Many products with potential 

therapeutic use are described in peer reviewed journals and. 
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patent literature. However, those products" are carr^ntiy riat 
CQiupletely satisfactory., We will discwss such prior art 
literature below. 

•Small teolfecules '^re currently used as distte.tic S:uppl«meBt 
antioxidants. Vltartiiris C and £ ara probably t: 



used antioxidant supplements 



■IB most coisanonly 



Hov>?ever, bot;! raoiecules can 



toxic themselves 



easily be oxidized, and^ when OKidiaed, become 
[H. Gabbay et al,:., Neuropharmacolpgy, Vol. 3S, 5.71, (1996}]. 
iJpvel synthetlp TupleGules such as 21-aminDster:oids, also 
termed lazaroids, showed some effect in the prevention of free 
radical damage to ti^sufe after brairi darnage but did not shpw 
any beneficial effects in clinical trials with 
immTkB Investigators, Stroke, Vol. 27, 155 
acid and its derivatives have been ..proposed 



15 antioKidantSf but thm^ molecules rapidlir leav^e Gells and do 



not sufficiently protect affected tissues 



stroke patients. 
1996)]. Lipoic 
as therapeutic 



from oxidative 



it also leaves 
:hiDcarboxylates 
as therapeutic 
But at higher 
GarQten0ids have 



darnage [OS Patent 5,728:/735] . H-acetyl cyste3.ne tmC) showed 
similar positive effects to lippic acid but 
cells very rapidly [US Patent 5,762,9221. Di 
and ditiocarbamates also showed some prortulse 
antioxidants [US Patent .S, 821,260] . 
conGentxations th.ese molecules are toxic, 

also showed some limited therapeutic effects In various 
chronic diseases, irvcludincj coronary heart diseases, cataract 
and cancer, 

Gatalytic antiGxidant enzymes have also been tested for 
their potential therapeutic: effects in dissases that are 
related to the overproduction of free radicals and reactive 
oxygen species [Uyama et al.. Free Radic. Bioji., Med-., Vol.. 8, 
265 (1990)], Buperoxide dismutase and catalase showed some 
therapeutic effects in ROS overproduction related diseases 
such as stroke, heart attack, and autoimmune ciseases such as 
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Crohn's disease and lupus [US Patent 5, 834, 509, page 6], The 
disadvantage of using this approach is that suqii inolecules are 
large, ans table maGromoleculss ai^d cannQt; pexietjjate in, high 
concentrations to; the affected, cells and tissues.. .Moa:2Qi?er, 
0n?y?nes are proteins and canhot he effectively administer«sd 
orally .. Proteins. ' are digested In th& stotjiach apd small 
Intestihes and, therefore, most of the catalytic activity is 
lost. Finally, recombinant proteins are also v 
Small molecules with the catalytic abi 
superoxide and hydrogen pero.xid.e have 
syn thetoed. and t^.sted.. [OS Pat.e.nt .5, 2:2.3, 538 1 



e r y e xpe- s i ve . 
lity to remove 
.recently been 
Such raoIecBies 



are usually cotRpieHes of transition metals suqh as manganese, 
copper;, 2inc> iron or cobalt. SoKie Of the 
moleciiles sudh as manganese salen complexes I US 
5,83^,509] even showed catalytic abilit 
concentrations of both superoxide and hydrogen, 
of such molecules are either toxic or lack 



ability in-vivo. 



However , 



and reasonable 



manganese salen complexes showed low toxicity 
protection against stroke or other tiss:ue degenerative 



recent:X.y ■ tested 
Patent 
y to reduce 
peroxide . Most 
the catalytic 
of the recently tested 



diseases. Gn the other hand, such mQleoyles 



cannot scavenge 



nitric oxide, 
pero.>iides , [ DS 



other reactive oxygen species and free radicals such as 
singlet oxygen, hydroxyl radicals, 
peroxynitrite, hypochiorous acid and organic 
Patent 5, 403, 8 3.4] . 

Several other apprpaqheS: to reduce the tDKic effects of 
ROS and free radleals were tested:. Chelating agents were used 
to prevent the production of very reactive hydroxyl radicals. 
Such agents: bind metals, such as iron 

subsequently prevent the reactions of metal cations with 
hydrogen peroxide, which yield hydroxyl radicals. Iron 
chelators and desf erroxiamine showed some lin-itad efficienGy 



or copper, 
cations 



and 
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in the treatment of neurodegenerative diseases » [5. Halliwell, 
Free Radic. Biol.. Med,, Vol. 7, 645 (1989}] Dnf ortunately:, at 
the Mgher, concentrations, ne^d^sd tor enharscea activity, such: 
agents are toKie, Spin traps ~ a class of ftiolecules which are 
used to trap fre^ rataicais to msasuife free radical 
concentration, wsrfe also used to prevent the tissue damage 
caused by ROS> [X, Cao and J. W. Phillis, Brain Res. , Vol. 
64 4, 2 67 (19S4)j Unfortunately, at the higher concentrations, 
needed for the greater effidiency of Such reagentSf 
unacceptable toxicity appear^:. 



Bimmm of -the iKn-^i^Ti 



As described: in the preceding paragriph^ it is clear 
that more efficient antioxidant agents; foir prophylactic, 
therapeutic and industrial uses are needed. iJiccordingly, an 
object of the present invention, is to p jo vide a novel 
composition of antioxidants Enhanced With stjabilized atoniic 
hydrogen having low toxicity:. Another object, jis to pravide a 
method of prpdiuclng stabilized atomic hydrogeln and preparing 
pharrmaceutical and industrial corapositiois using the 
stabilized atosiic liydrogen. i^ethods of using such 

phafmaefeistical and industrial compositions 
using stabilized atomic hydrogen with other therapeutic agents 
are also described. 



Atomic hydrogexi is a reducing free radio 
a proton and an el.ectr.on ... It is the second 
reducing agent known and it also can releas 
reducing agent, that is, th^ free electron 
StGSSer, J. Fhys... Chem. A, Vol. 101, 8360 ( 
recently shown that this very reactive and 
can be encaged inside cage-lilce compounds and 



1 consisting or 
jTtost .powerful 

2 t he : St r onge s.t . 
Pach: and r; 

997 ) } . It was 
stable species 
become stable. 
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for iftonths or avers years [R. Sasamori et ai 
265, 1691 (1994)]. In one embodixnent: of this 
describe methods to prepara and stabiXls^s 
phatoelectrochemically, elect rQchemically ■ and 
cheroically. Mb alsD describe the usS: of the 
bioinediGally acceptsble, cage-'like cbmpour^ds 
cobalamxn; fvitarnin 312:) , potassium siiicate 
silicates and, aiURiinosllicstes such as zeolites 



rcrmmmismi 

Science, Vol. 
invention, we 
Stdsvic hydrogen. 

plasroa , 
most succ^sful, 
including 
and eoiXoidal 



In another ^iitsodiineHt. of this indention, 
preparation of mixtures of stabilized atomic 
thiol antioxidants, and othex' highly effici 
such as polyphenols. Such mixtures are effic 
the conoentration of reduced glutathione in 
and, subsequent iy, in preventing :oxidati\'e 



damage 

In yet another embodiment of the invention,: %t is 



we desefibe the 
hydrogen with 
ent antioxidants 
ent in keeping 
cells constant 
to cells. 



deseribed how pharmaceutical Gdnipositiqns 
stabilized atomic hydrogen are used to Hiodify 
regulation> cell death, proliferation and dif f^rentiatidn for 
therapeutic purposes. 



enhahoed. with 
^ene expression 



Furthermore, it is described :hpw 
ooinposltidns einhanGed with the stabilized at 
used in the treatment of cancer, autoiranune di 
diabetes or arthritis, neurological 

neiirodegenrative diseases, cardiovascular 
diseases and other disorders which are 
overproduction of ' react ixTe oxygen species: and 



pharmaGeutical 

c hydrogen are 
eases such as, 
disorders^ 
Qis eases,.. skin 
related to the 
radicals. 



free 

In another embodiment of this invention, "ike describe how 
staiDilized encaged .atomic hydrogen enhanced a4tiGxidant.s ar^ 
used to prevent the oxidation of food, ■ industrial oils, 
plastics and other oxidation-prone materials. 
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Based on the foregoing, it is clear that- 
prophylactic and therapeutic antioxidant agar 
Sucfe xfeagents should be. ot low toxicity, 
msi-mfacttire and stotS:,:: stable in-vitrd .arid 
.rfeaptive. towards all or most free radicals^ and 
Species:. Moreover,, such agents s:ho:uld be ab 
affected cells^ and tissues and reniain there 
period of time in active form. The ability 
blood brain barrier would, slso be; a d.ssirabie 
ability to interact with other therapeutic 
adverse effects would be impdxtant adx'-antag^i 
^ntioKidant ag-^nts which can be used to 
expression regylatlGD and ceil proIife,rat 
dif ferentiation wot! Id foe extremely useful 
It is one object of the i.n^?:^ntion to pr 
produce and use such a novel class of aiitx 
antioxidants could also be used as dietet 
Moreover, stich antiGxidahts cbuld be used to 
and free-radical dainage ih food and In 
such as oils and plastics. 



ax: 



drgatii siTiS 



ojiy gen . 



previbusly sientiohed, aerobic 
evolved by acquiring the ability to utilise 
products of oxygen metabolisxTi, reactive; oxyge 

toxic to Tiiost organisms. As also described e 
organisms developed numerous ensyities such 
dismutase or use small moleGules such as vitaiairi 
such oxidizing species. It was recently shown 
oldest enzynies that can scavenge reactive o 
aetually a hydrogenase: an e.a2iyme that 
hydrpgeri into atoraic hydrogen [R. P. Happe 
\?ol. 3S5, 126 flS97n. Atomic nydrogen is a 
electron and is the second most efficient an 



more efficient 
ts are needed, 
ineicpe nsive: to 
in- vivo,: and, 
rea cti:Ve oxygen 
;e. to penet^'ate 
'or a prolonged 
penetrate the 
property. The 
agents without. 
. Finally^ the 
control gene 
Lon^ death or 
therapeutic agents, 
ovide methods to 
idants. .Such 
c s uppl ement s . 
prevent oxidation 
products; 



indlis trial 



on Earth 
Bow ever, 
n species, are 

rlier? evolving 
as superoxide 
B. to scavenge 
that one of the 
species was 
s inolecuiar 
Bt al . , Nature, 
proton plus an 
tioxidant after 



xygen 
split; 
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into :Ga,g<a-ilke 
in solid stat«^ 
[R. Sasamori et 



the free electron itself, Howevex^ atomic hydrogen can also 
release free electrons wtissi it encounters pov^erfui oxidants. 
Unfortunatel^jf, atojnic hydrogen, also a. x^^ry r-eacti-^© species, 
anti it, disappear:© withirj: milliseconds of its pr^daction. 

m-ille some technigues - for stabilizing atomic feydrog^n 
have been developed, the atomic hydirogen produced by these 
techriidue^ cars b^, stabilized only at very low teiriperatiires in 
solidified hoble-gas matrices [S. Foner et al . J. Chemical 
Physics, Vol. 32, 963 .(1960)]. Recently,, Japanese scientists 
showed that atomic hydrog^ri cari m encaged 
silicates and stabilized at room temperature 
and prgandc isolvents for longer than one: yfear 

Science, Vol. 265, 1691 (1994)]. Korecver> mild oxidants 
sucK as pjcygen, cduld not scavenge encaged atomic hydrogen, 
biit stronger oxidants caused a release of free electrons. 
German scientists recently independently confirmed this 
unusual and important discovery .{M.. Pach and. 
Phys> Chem. A, Vol. 101, 8360 (1997)]. 
coworkers showed that the active 

electroohemiGally-reduced water is also atomic; hydrogen,^ 
probably fencaged ihtQ raolecular hydrogen bubbles tS- Shirahata 
et al. , BioeheiTi. Mophys- Bes, Comm., Vol. 23 
However, organic silicates used by German 
scientists to encage atomic hydrogen are toxxc. and: large 
amounts of moleeular hydrogen Ksed in ShirahataVs work ar& 
toxic sticb that they are not suitable for pharmaceotical use. 

The various features Of novelty which characterize 
the invention are pointed 'out. with particularity in the claims 
annexed to and forming a part of the disclosure 
understanding of the invention, its operat.ing 
specific objects attained by its use, reference should be had to 



R.. Stosser*. J- 
Shirahata and 
cdmponent of 



269 {19:97} ] . 
and Japan,es:e 



For a better 
adx^antages, and 
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the descriptive matter in which there are iiilustrated and 
described preferred erabodimsnt-s of - the inventioTii.. 

DBmiLSS DESCRIPTXQH OF TSSE gSSSSNTE^ gS^FSI^sl SyODIMSNSJS 

Atoniic hydrogen can: be prepared, elf,ctro:chemically> 
photochssiidaliy/ photo - electrochemicaliy., dlasma 
chemically, thermally:, eleGtrdmsgneticaliy .and with X-ray or 
gamma ~ rays, ultrasonically and even With mechanical 
cavitation. We will describe in more detail ithree different 
methods to prpduGe and encage atomic hydrogenJ Howeyer, this 
indention incorporates the use of stabillzedj encaged atomic 
hydrogen products ptGdUGed, in addition, by an^ other methods. 
Such ntethods are well known to those skilled ioj the art . 

Electr ocheiTiica i M ^th:0<3 tO : Produce ^ and j Encag e jltomic 
Hydrogen:: Electrolysis is a very efficient rnetriiod of producing 
■atomic hydrogen free electronsv ;ln the past, J though,: it Was 
not possible to separate oxidizing products iiroduced at the 
anode and reducing products produced ati the cathode. 
Recent iy, Japanese scientists used a Semiperiiie^ble merfibrane to 
separate the cathode and angde areas, vfhiie not perturbing the 
flow of electrons deliv:ered to the media. Siich devices are, 
for instance, described in Y. Shi rami zul et ai . , J. 
Eiectrochem. Sog.,Vo1. 145, 1632 .{ 19-96} , the- Content of which 
is incorporated by reference in its entirety. : In short, such 
devices consist of a chamber {usually made o|f noncorrosive 
material such as plastic) which is: dlyided in two compartments 
with a /water-tight s em ipe ripe able Nafion membrane (Dupont 
corporatibn) , In each CQTRpartment , there Is an electrode 
connected to a DC current source. The electrodes are usually 
made of platinized titanium in order to be dompatible. The 
electrodes are plates with a large surface area relative to 
the chamber volume. For a one liter contaiier (5Q0 ml per 
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compartirient) , the electrsdes are ca. 15 x 10 cm ( 150 cm^ 
surface area). Each compart-i^ent has. a valve that can be 
opened to empty ths device into two.: . sepaarata, containeirs 
(cathode water and anodfe w^tet).. It v?as shown by Shirahate^: 
and cpv/orke.rg! that s:u.ch a. dey.iee, can .p;rp.due,e; atonsi.c hydTogen 
in the cathGde area, in S. Shirahata et si., BiDchenr. Siophys, 
Res. CGVim.r Vol. 234, 269 (1997), the content of which is 
incorporated by reference in its entirety. If cage-like 
compounds are added to. the cathode compartirtent during 
eieGtrolysis, atomic hydrogen and/or free electrons dan be 
stabilised -and encaged. In on^ such esperimfent we added 100 
mg Qf potassium chloride to ehhahce; the cpnGiuctivity of water 
to both the cathode and anode water (500 sil 
brought the condentratiQn o;f KGl to 200 ppm 



each) This 
Twenty f i^e ^mg 



15 of: v^itaxain B12 (cyanocobalSTnin) was added to the cathode water 
to encage the atomic hydro.ge.n/tree. .electrons. This brought 
the eoba lamin concent ration to 50 ppffi - Other jjharmaceu tically 
active cdif^Ghents can be added to the cathode area before, or 
aifter-;. eiedtrolysis , Examples of such coinponsnts will be 
described later:. Seyerai paraineters can be Measured to ensure 
the efficiency of electrolysis. The redox potential of the 
water solution in the cathode area should be at 
after eiectrolysis . The pH of water solution 



area after successful eiectrolysis should be around 11 



25 efficiency of reductioh of vitamin B12 can 



measuring U¥/vrsiBLE spectfa and; recording th« absorbance at 
387 nrnf which is proportlGnal to the amount of reduced vitamin 
B12, see G. Chithainbarathanu Piilai and E. S, Gould, Inorganic 
Cheniistry, Vol. 25, 3353 (1986), the contert of which is 
incorporated by reference in its entirety. The. efficiency of 
electrolyzed cQbalamin solutions as antiOKidants. can. be tested, 
with the standard techniques which will be described later in. 



least - 700 
in the cathode 



The, 



be tested by 



17. 



the text. The efficiency of any stabilized atomic hydrogen 
solutions in scavenging of superoxide radicals and hydrogen 
peroxide, can .be tested as described by Shltahata and coworKers 
is. Shirahatsa st al..,. Bioehera. Biophys., Res- Qowst.., Vol.. 234, 
5. 2:6.9 (1991)].. The electrolyzed cobalamin. solutions: shGuld be 
kept under argon to avoid slow oijidation. The same applies to 
other cage- like reagents.: they should be k^pt under argon 
upon electrolysis, and their efficiency, as antioxidants should 
foe tested with the standard methods, such as the ability to 

IG scavenge superoxide radical in-vitro:. If lon(|~terin: stability 
of stabilized atomic hydrogen-enhanced prodissits is needed, 
great care should be taken to remove even minor traces of 
oxygen from the scjlutioh before the product is packaged V in 
addition, it is easier to encage atomic hydrogen in organiG 

IS solutions, particularly o.f .a.pr.otic s.olvants sach as dymethyl 
sulfQxiae (DMSG). Nonaqueous solutions of stabilized atomic 
hydrogen are stable for mbh longer, up :to a yelar . 

Photoelectrochemic a l Method to Produce add Encage Atomic 
Hydrogen./ Free Electron.s : A cornpact | apparatus for 

20 phdtdgeneration; of hydrated free elect rons/atoitiie hydrogen was 
deiSGribed by Schmidt and .Mart . To produce free electrons very 
efficiently, one needs a water solution at pH 11 saturated 
with molecular hydrogen (R2) . Such solutions 4lso: have a very 
low redox potential {lower than -700 mV) . See| K. Schmidt and 

25 Si J. Hartf h Compact Ajpparatus fbr Phoiog^neraticn of 
Hydrated Electrons, in Radiatibn Chemistry: ~ jPart I; Aqueous 
Media, Biology and iDosimetry., sd. E, J. Hart, Advances in 
Chemistry Series, Vol. 81 U968); American Chemical Society, 
Washington,: 0*0..., the content, of which is incorporated by 

30 reference in. its entirety. Such. SDiutions^ are then irradiated 
with s pulsed xenon flash lamp at wavelengths between 185 and 
230 nm and with at least 100 W of power. Each 4 G-microsecond 
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pulse produees up: to 10"^ 8 of free electrons/atomic hydrogen. 
We Hiodified this process in order to aYoi# a neeid xor hydrogen 
gas ibottles to sparge the water instead^ , -used ' the 
el;e:etrol,y^is: device desdribed above to produce: cathode 
solutions with pH 11 and . iovj redoK potential due to saturation 
with molecular hydrogen produced at the cathode area. When pn 
11 and low redoK potential conditions {:"700 laV or lower) are 
reached, one starts; irirsdlation with a pulsed jienon flash 
lamp, while still performing the electrolysis. Such 
Photoeledtrddhemical generation of free ^^lectroris/atoinic 
hydpog^n is vary efficient. It wa:S also reali5:ed that longer 
pulses^ with a xenon flash lamp (as long as 1 second) can also: 



be efficiently used without overheating the solution. 



Xenon 



le the cathode 
device or kept 



flash lamps cari: be submerged into water ins 
area of the previpusly described electrolysis 
above the soltttiori- As in the case of t^ie electrQlytiG 
productiGn of the atdmie hydrogen, c^g«:-'like c|5mpounds can be 
added to the watier to encage atomic hydrogen, 
SO pprn is also used to encage atoraic hydrogen 
in such a setting. Other cage-like compounds 
will be described later. Water' solutions with 
hydrogen should be kept under argon bo avoid slow oxidation 
Other pharruaceutically active ccmponents can be added to the 
water solutions before ^ or after,: the Photdeledtr-ochemical 
activatioh. 

Pla sma - Chemical M et hod of Prod ucing and Sncaging 



Vitamin B12 at 
/ free e 1 e c t r on s 
:;.an be used, as 
encaged atomic 



Atom ic Hydrog en : Plasma treatment is an ideal method to 



if hydrogen, is 
Such plasmas 



produce an abundance of free electrons and,, 
used as a gas, an abundane^ of atomic hydrogen, 
are produqed in a gas phase such that atomic hydrogen can be 
delivered to cage-like coinpounds In both liquid and solid 
states. In the past, using atomic hydrogen so produced waS: 
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impossible due to its very short lifetime 
Kikuchi and. coworkers showed that if a .small 
vapor if added to the hydrogen . plasma,. 



concentration of: atomic .hyd.rog;efi is^ up to 80 times higher and 



it becomes stable for long t^rrri use. See J 
Japanese J., mpl, Phys.., Wl. 3:2, 3120 (IMJ) , 



{raillt seconds) . 
amount of water 
the: relative. 



Kikuchi et al.. , 
the corstent of 



which is incorporated by reference in its entirety. Such 
gaseous atomic hydrogen can then be delivered 
state- or liquid-state eage-like cpmppunds. 
design .of siac-h a pl^:sina device is presented in. Kikiichi's 
paper, referenced above. The water vapor supply is described 
in S. Fojimura et al,, :j. Vac> Sci & Techno! 
;il991.)., th.e content of .which is incorporated jby reference in 
its entirety. Plasma can foe produced with micrDwaves/ 
radi.of requency, do current or the.rma.1 treatii'Snt p.f,'the low 
pressure stream of. molecular hydrogen to which water vapor is 



to both solid- 
The. detailed 



added. ;Xo the preferred efisbodiment, hydrogen arid water vapor 
are introduGed to a quarts; tube {9iBm ihher diameter) through 
mass flow controllers. The total gas flovj is 100 cm3/min. 
The total pressure in the quarts tube is. X.O Torr, as riieasured 
W.ith a capacitance manometer. ' The hydrogen plasma is 
generated by a microwave generator (2.45 20 W power) 

The dissociated hydrogen flows through the qijajftz tube arid can 
be used tb dneage atomic hydrogen up to two meters downstream 
ftdm the miGrowave generator > For eisample, vitamiri B 12, 
silica, siai:cates or .zeoiites cah be. used to. ericage atomic 
hydrogen. Cage - like; reagents: can :be dissolved in water, 
organic Solvents or can be used as powders. Stabilized atomic 
hydrogen products should be kept under an argcn atmosphere In 
order to avoid oxidation. The ability of encaged atomic 
hydrogen to act as an antioxidant can be tested with: the 
standard techniques to be described later [S., Shirahata et 
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al., Biochera. Biophys . Res, Comm., ¥oi. 234, 2 
should be obvious to tH© :^kil.led in art thet 
other diffsrent wa:^s :Of :pr'oducing at<smi,c hydrGgen. 
metiiods are therefore included in this invention 
Phagiaa:pei4 ti.call y Active Coiapos itions 



Stabilize d Atomic Hydrogen; The main component of the 



FCTfimms9m 



69 11997)1. It 
there are a^asy^ 
Such., 



Which Include 



lude stabilised 



pharmaceutically active compositions that inc; 
atomic hydrogen is a reagent that is used to: encage atomic 
hydrogen or free eleotroiis. ks it v^as discys^sd earlier^ 
silicates, partiptilarly those with p4R framework structiares, 
are suitable reagents to encage/stafoilize atomic hydrogen. 
Maity natural products have similar cage-like structures. 
Vitamin- Bi2 (cyahodobaiamii). and other co&alamines ie.g. 
methylcobalamin, hydrcxycobaiamin, • adenosy 1 coba 1 ami n etc) arfe 
very efficient agents to encage free ^^slectrGns/atOKiiG 
hydrogen:. Chlorophyll, is another suitable cage-like 

substance. Porphyrins, with or vri;thout a transition metal 
inside th^ cage, are another suitable grQUp of agents to 
encage free electrons/atomic hydrogeii. Salen - iBangenese or 
salen - cobalt complexes [see for instance US Patent 
5, 834,5:09] are also suitable cage-like reagents to encage 
atomic hydrogen/free electrons.. Silica^, quartz, silicates,. 
aluffiinQsilicates such as zeolites dr clays is .another group of. 
■suitable reagents to ^encage atomic hydrogen. Those skilled in 
the art would be able to Identify rnariy other suitable cage - 
like reagents to encage atoinic: hydrdgen, Sui:h reagents are 
incorporated in this patent. 

It: has beten shown that encaged atbmic hydrogen. 



reduce orgarilG 



particularly inside cobalamins,. can actually 
disulfides such as glutathione or the oxidized torm of lipoic 
acid.. See -G. C. Piilal and E, S. Gould,. Xnolrg, Chem..., Vol.. 
25^ 3353 (1986) , the content of which is incorporated by 
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reierence in its entirety. Theirefore, it isi very useful 
add thiol a nti oxidants to encaged atomic ti^drGgen, as- the 
secoTid active, cotsponent. N-axretyi cysteine (n;>€;) , iipoiq acid, 
pyrrolidine dithiocarbamate (PDTC:) ' .ai?d. inady othsr thiol 



atoiiized atomic 
— ■ reduced 



ac: 



teagarits can he issed. for siacb purposes... S% 
hydrogen keeps such. rgsge;nts in an act 
antioxidant form. 

Other antioxidants can he added to st 
hydrogen and thiol reagents,. Polypheriois c^n significantly 
enhance the efficiency of th.e stafoilized at^stic hydrogen - 
thiol mixfcurfes, Gr^en t«a:: extract, pine birk extract and 
grape seed extract are very efficient agshts- fir that purpose. 
Synthetic polyphenols such as catedhins canl also be used. 
Other cdmnion antioxidants such, as, vita.min C, 
be added. Those skilled, in the art are fam 
additional antioxidants or electron donoi's, 
here, -Which cduid be added to enhance the 
stabilized atomic hydrogei^. Such antioxidantis are therefore 
included in this patent,: 

^ Other pharmaeeutically- active agents can be added to the 
stabilized atomic hydrogen enhanced ant.>.oxidants . Anticancer 
agents, insulin, growth fastors., iantibodiei, cholesterol- 
lowering agents, pain-relieving agents ^tc^ \ are only some 
examples of reagents that can foe used io enhance the 
efficiency of stabilised atomic hydrogen antidxidants. Those 
skilled in ■ the art are fajniliar with thfe ptiarnitacedticallv^ 



or A. can also 
p.liar with: many 
not i!Rention.e,d 
performance of 



^lich pur;poses . 
be treated with 
in the text « 



active componsnts that cduid be used for 
Examples of dis^^ases or conditions that can 
stabilized atomic hydrogen are described later ii 

Pharmaceutical compositiGn.s c.Gmprising stabilised ancaged 
atomic hydrogen/f ree electrons of this inyention. are useful 
for oral, topical^ transdernial, and parenterai adisinist ration 
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hydrogen. I?V 
(such: ;as DHSO): 



(subcutaneous ; intra-venous or Intramuscular) . The 
compositions usually contain between I mg/1 and IQQO mg/1 qx 
cage, - like reageritB used to -socage atomic 
addition to 'watex-^ aointoxic .organic .solvents 
can be used to dissolve/suspgnd cage -I ike reagents besfor-s the 
production of atomic hydrogen/free electrons starts^. Single 
or multiple dosages can be applied on a daily basis. Standard 
compounding methods described in, for instance. Remington's, 
Pharmaceutical Science, I,5th ed,, ,Hack Publrs^iiriig, Corapany, 
Eastori^ m ;( 1.980 } ^ the ' content of which is incorporated by 
reference in its entirety, are used to prepare admin is trable 
compositions. Stafoili2ed atomic hydrogen solutions or powders 
should be kept ,qnder: argon, in order to ai^rdid oxidatioh:. mre 
should be taken that other acti,ve and nonactive ingredients: 
are compatible with the cage-like reagents used to stabilise 
atomic hydrogen. Great care should foe taken to avoid oxygen 
and carbon dioxide cdntamination of encaged #tditi;ic hydrogen 
reagents ih order to ensure iGng^tera reagent 3iability. 



atoitiic hydrogen 
ranes can be 



More efficient delivery of the stabilized 
products deeper into the skin or mucons 
achiei^ed in :toan,y ways. Small lipid vesicles known- as 
iiposaines can be used as drug carriers. See G. Grsgoiraidis, 
T,rends Biotechngl . V0I, 13., pp. :5.27~:537 (1,99:5).,. the content 
of which Lb iRCorpdrated by reference in its entirety. Water 
sbliations of eage - like reagents are then encapsulated within 
the liposoiae vesicles ^Xong with- the other active ingredients. 
Longer-lived liposomes can be p.rDdaced by attaching a 
polyethyleneglycol chain... The partible siEfe of the liposome 
vj-ill generally be in the range between 1 and 500 microns. 
Liposomes can be use.d for transdermal, parenteral or oral 
delivery,, ^Numerops stimuli can be used to .enhance the 
transdermal traxisport, such as altrasoiind, eiectro.magnetismv 
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electricity or plasma palses. See - Langer, Nature, Vol. 392, 
suppl,, pp. 5-10 {1998), the eontent of which is incorporated 
by reference in itS: entiraty. Such stiinuli cai>, for instance,, 
be applied directly at. the spot where acne, skin cancer or 
psoriasis lesi,ons are present in order to enhance the delivery 
of cage - like reagents with other nvedlcat ioiis . 

Examples Of. Rese arch Hesu lt-s. On :.The A ctivity Q£ E ncaged 



AtoiTiic J j yd ro ge n_: 



_The following are exampl 



rei~;ults that provide a proof of the efficiency and jsiechanism 
of the action of encaged atomic hydrogen-^enhanced products, 
Generally, for ih-vivo experiments, stafoiiised 
hydrogen-enhanced antioxidants 5fl?ere prepared by 12 ruinutes of 
meisbrane electrolysis {SOD: mA, 12 V} utilizing cathode 
solutions eont aining 200 ppm oi.. KCl, 50 ppm of cyanoeobalamin, 
50Q ppm of N-acetylcysteine and 500 ppm of standardized green 
tea extract (250 ppm of pure polyphenols) . Only 200 ppm of 



3 s o f r e 5 e a r c h 



water' solution: 
500: liil of such 



KCl was added to the anode water (500 ml of 
used) . Huitian subjects were allowed to drink 
solutioh collected: from the cathode area per diy. Animals had 
free access to such T^ater solutions, 
(Sener;al Ahtioxidant Action ; Standardized tes 
electrochemicaliy-produced atomic hydrogen 



electrclysis of 100 pppx. of KCl) can,- even on its own and 



without the presence qf other: antioxidants, 



ts shovjed that 

(12 minute 



S:Ca:venge super 



oxide, hydroKyl radicals^ singlet oxygen, n4.tfic bxids and 
peroxynxtritev If cage like agelnts, such ias vitamin B12, 
are added to the soXutipn befpre electrolysisl the SiCavenging 
ability of the electrGlyzed solution is; enhsiiced in a dose^ 

dependent fashion. These results were independently confirmed 
by other researchers [S. Shirahata et al., B-iochem, Biophys . 
Res. Comm.., ¥pi.. .234, 2.6S (1S.97)}. Xn vitro tissue culture 
experiraents with human dermal fibroblasts cultures and other 
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eommonly us€;;d ceil cultures showed that stabilized atomic 
hydrogen can prevent oxidative ..damage to tissue:, mh, proteins 
and lipids. Standard assays were, u.sed^ 
fxagtnentation raeasurentents., protein carbonyl 



sxich . as PNA 
suremeats or 




I et al..,. 3- 
was: also shosn 
dan prevent:^ 
the addition 



TBMs (oxidized lipids }ineasureraents. It was also shown tMt 
when stabilized atdmic hydrbg^ii i.s added to ©ells with, 
additisnal thiol antibxidant®., -such as B-acetyl cysteine, the 
amount df reduced giuthations in cells can be kept nearly 
constant, even when oxidants are present . Sucih findings are, 
in vitro, independently confirmed. .[J, H. ^a^ 
Eiectrbanal.. C|>eiTt> .,. Vol., 374,. 2:1S: (1^94):] li 
that the addition ot stabilized atomic hydrc 
apoptosxs of human: dermal, fibroblasts caused 
of varidus: free radicals and reactive oxygen species such as 
hydrogen pefoxide, hydroxyl radicals or peroxyn:.trite . 

■'^S£2l$2.1 ^ PPM.?J£ions t Antioxidants, if strong enough, 

hsve potential applications in three oncologyl areas::. 1) to 
reduce side effects of radiation and; chemotherapy; 2) to help 
kill cander cells or to stop their prQliferatjion; and 3) to 
help reduce or eliminate: drug resistance in canber cells. The 
collected results show great promise of aioxnic hydrogen- 
enhanced antibscidants in all of the Ubove-mentionsd 
applications. "A synergistic application with other 

pharmaceutically active products in all three applications 
would be advantageous. The following illustrates this 
potential: 

1} to reducp side effects of chemotherapy or radiation: 
The application of stabilized atomic hydro gen^-based 
antio;Kidants has been shown to reduce apoptosis of numerous 
ceil types in. tissue culture experiments. In these 

experiments, apoptosis was caused by chemotherape.pt i c agents,, 
such as etoposide, doxorubicin or cis-platin. We have also 
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the ingreciient 



worked vfith a number of patients who were treated with cis~ 
p.^atin ~ etoposide and later with- ■ cycXophospbanii 4e- a dr i amy c in - 
vincristine, for lung cancer treatment- EKcellsnt re:sult.s 
were bbserved in the piotectiQn of blood vessels,, heart cells 
and biocaq cells, Unf oirtynatelyy we cduld not fully protect 
patients froin neuropathies caused by vinexestxne. SynergisjTt 
with other pharinaceutteally products in this srena could 
produce better results. Our product was delivered orally, as 
a liquid,, ■ Only non-'tpxic drugs were used to encage atomic 
hydrogen:. Preliminary toxicity tests shoiw that atomic 
hydrdgeri did hot change the toxidoidgy of 
chemicals/ which aire all FDA-approved . 

2:) to help kill aaBcer c&iX.s or |:a stop their 
prQlifer&tipn: In vitro experiments with numeious Gancer cell 
lines (. such as adenocarcinoma ft549- or osteosarcoma., indicate 
that pov^erfui atomic hydrogen-based antioxidants can slow 
their proliferation* Sudh experiments! with other 

antioxidants, performeid by other scientists^ show similar 
result? [S. Shirahata et al.. Paper presientfed at the lOth 
Anniia,! Meeting of Japanese j^ssocxation fdr J^^niinai Cell 
Technology> Nagoya, Nov. 5-8 (19S7):; J. H. Turiey et al,^ Ceil 
Growth Differ., Vol. 6, 655 (1995)]. i^e have worked with 
several temiinal patients, dying frdm metastatic 
adenpcarcinomas o£ the lung. In several cas^s, tumor growth 
rate was significantly slbwed, even in the iat^e stages of the 
disease V f^oleGular studies with adenacarcinoitia: R54B cells 
show that we signifiGantly reduced the activation of protein 
kinase J1)JK-^1 and, to a lessef extent, EHK-1 
activation of AP~1 transcription factor. Acti 
has recently been implicated in the growth of adenocarcinoma 
cells [ F. Bost et al. ,. J:. Biol. Chem. , Vol 
(1997)] . 



and also the 

vation of JNK-i 
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We also showed that the addition of atomic .hydrogen -enhanced 
antioKidarits helps to ersJiance the actiTity of cheraotherapeutic 
agents: in: killing adienocarcinoma cells of lunf or coIoreGtsl 
cancer. Such, action of strong .antioxidants has recentl.y been 
described by other researchers [r;, ehinery et al,, Hature 
Medicine, Vol.. ;3:, 1233 .{l'9:97n - The molecuisir ineehanisT« of 
such action was. also- studied: numerous human cancers have a 
mutation in the p53 tun-or siippressor gene. Molecular studies 
show that antioxidants actiyate another tumor suppressor 
molecule, p:2.iWAFl/CI.Pl p5.3-independfent way. The mechanisis 
of activation also involves the transGtiption factor C/EPBG. 
this activation seeins to oaeur through activation of the 
protein kinase. A [R, Chinery et al . , ^^ature Medicine, Vol, 3, • 



123:3 (1957).; 
30:3.56 (1997),; 



R. Chinery et al., J, Biol- Ghem., \?ol 



27 



F. Eaymond et aj-, Fres Radlc. Biol, Med., 
Vol , 22,, ■ 623 (19.97:.) J . i ^ 

We also see S: significant increase in th^ amount ot the 
iL~6 protein and its m^-RSm. The activation of NF-Xl^-6 
transcription factor also odcurs- We hav^ also x^rorked with 
several liniit.ec| stage, small ceil lung carcinoma patients and 
the chemotherapeutlc treatment of their tumors, Drinking one 
of the stabilized atonvic hydrogen enhanced antioxidants, 
products essentially dest.royed the tumqr, up to 1 cm in 



In a one year 



diameter, after four rounds of ■ chemotherapy. 
period> petastatic tumors : have not reappeared in these 
patients, 

3) to hQip Qj^^^^ ca.ncer 

eellst Most tuEiors respond well to chemotherapy in the 
beginning. Unfortunately, diiring extenqed: treatment.,, cancer 
cells become resistant to drugs and metastatic growth follows 
shortly thereafter,: resulting in deat:h or sarkous suffering. 
It was .recently realized that stress :activated protein 
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kinases, such as JHK-1 and other kinasesy such as JAK's, are 
involved In the de-v^eXopmeiit of drug x-esistance [A- Levitxki^ 
Papar presented at the Xst rnternatiQnai Conference on Signal 
Transduction, puhrDvnlk.^ Croatia, , Oct. 8-11 
mentiaped before, stabilized atomic hydrogen 
jNK-1.. Preliminary res^iiits inaicate' tEat thm time of. the, 
onset of drug resistance can foe delayed by these agents 

Auto Imtnune Disea ses:: Free radicals and reactive oxygen 
and nitrogen, species have been, ijmplicated in: the mechani.S5t!S of 
action of both B and T cells [C. K. Sen aild !,> Packer, FASEB 
J>, Vol, 10:, tn {1996} j. Reactiye oxygm sp>eqies :are also 
implicated ' as Gherao-attraetants; for niamerotss lymphocytes. 
Many highly 'pro:~infiaitimatory cytokines arid cheiilDkines:, such as: 
TNEHi, .IL-l or IL-8, promote inf laismatory c^bcades through 
production of reactive: oxygen, and nitrogen aijecies, 
regulating or reducing the production or 
reactive oxygen and nitrogen species can ddwi regulate the 
activation and action of the insmune system. Si^ch deactivation 
is desirable in nunierous a^Jto immune diseases. 

Through In-vitro testing, we have observed that stabilized 
atoinic hydrogen enhanced antioxidants can scat^enge both o.xygen 
and nitrogen free radicals and other reactive 
scavenging of both "oxygen and nitrogen species 
in the deactivation ox maerophages, neutrophiis and T cells 
in tissue Culture experiments, we notice a slowed 
proliferation of Tnacrophages, neutrophils and pfurzbtir^ cells. 
Also demonstrated ^xperimen tally is the ihh 



:Dowri- 
levels of 



species. Such 
appears to aid 



inducible aetitratibn of the transcriptidn factor NFns, which 
is Involved in many inflammatory processes. We have shown 
prevention of TNFD^promoted apoptosis, of several different 
oeli lines. There are indications that atOKiic hydrogen-rich 
water can, to softie extent, inhibit gene expression of 
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cyciooxygenase 2 (C0X2) and 1 ypoGxygenase enzymes^ v/hich are 
in^ol^ed in pro-inf laniiTiatory signal transduction cascades, ■ 

Through irt-vivo work witfe. huisars patients and labor atory 
animals,, we have conducted research on bcith idsulin-depehdent 



and ::adiilt onset diabetsjs iriellitas. xt: was 
stabilized atoird.?; hydr^^gen rich antioxidants 



Qbserved that 
deei'eased such 



compil cat ions as deterl orating eyesight, open weunds arid other 
poiyneuropathies . A decrease in the concentration of glucose 
in the blood occurred with most: patients after three to si>: 

10 n-ionths of treatment. 

In work with non-dbese diabetic {NOD): mice,: 
results show; that we can significantly inhibit: the onset of 
disease. We knov that these agents Inhibit the' activatipn of 
the JNK-1 mQlecuie in many cell types. It was recently 

IS reported in Sc ience , that deficient mice show, problems 



dtir preliminary 



with di.f f ereatiation of the iirsir.une system.: no 



oells were formed; instead, Th2 cells prevailed [C. Dong et 
al. , Science, Vol. 232/^092 (1998)]- It wa^ also recently 
shown that/:: St least in the mou:5:^ jtiodel, brie, can prevent the 
onset of diabetes, Li- Th2, rather than Tbl cells axe 

present [K. Bellman et al^ Int. Iitimunoph^irTriac,. , Vol, IB, 
573 (1997) ] . This change in. the type of differentiated Th 
csils is associated with the increased nuclear 
KFMc transcri:p.tion factor. It was also ; shown: 
atornic hydrogsn enhanced antioxidants 
peroxynitrite/ whiGh ms xTtiblicated in the damage to 
pancreatic □ cells and the progression of diabetes^ as well as 
diabetic: complications. 

Meurological DisGrd ers : In tissue culture experiments, 

we have found that atoHiic hydrogen rich products can prevent 



apoptosis of neurons. 



Apoptosis inducing 



include dopamine, hydrogen peroxide, hydroJiyl radical s,^ 



Thl helper CD4 



a cc umu la t i on o f 
that:, stabilised: 
can scavenge 



agents, tested 



peroxynitrite and removal of growth factors. It is also 
found that, encaged atomic hydrogen products may combine 
synergist icaaiy with growth, factors furt,her re^wcing apoptosis 
.p3FellTni.iiary in-v.iv,o results with ap-optosis caused by 
i.sc|iemia-reperfu;si0.n., aisd. show significant decrease in the 
size of infarction m<i in the arnaunt of cell death 
with ALS and Parkinson's patients shows that 



Some work 
these products^ 



reduce treatment related side- effects. In the ALS case, two 
yoxmg fejnale patients did hot show develppment of new lesions: 

10 after one year of using atomiG; hydrogen rich water. 

It was also obseryed that xovitine drinking of atomic 
hydrogen rich, water is associated with weight Loss and 
appetite diminishrnent using 20 young, healthy volunteers. The 
resulting weight loss of between 5 and 35 pounds was 

15 registered after six months .of use... ..Several he$.vy smokers also 
reported a significant redaction in craving for cigarettes 
after drinking the enriched w^ter for abpat ,pKe month. This 
result warrants more research . 

Skin and . .Miacdus Membrane- Care Applicati ons; Oxidative 

2Q: damage to skin is implicated in skin, aging and wrirskling, and 
is also involved in the initiation of skin cancer lesions. As 
mentioned earlier, it was shown that oxidative attack on 
fibroblasts growri in cell cultures can be preTented With the 
atomic hydrogen rich prdduets. Oxidative daiRags to 

25 fibroblasts - used in such experiments: is caused with the OVA 
and OVB rays, singlet OKygeh -dohorsv nitric oxide donors 
(SNAP), peroxynitrite donors {SIN-i) etc. 
death) of fibroblats is significantly { up to 
the presence of atomic hydrogen enriched antioxidants in a 

30 dose, dependent manner, ..Activation of pro-inf iammatorv 

transcription factors M-1 and NFOB is also prevented. In 
addition^, oxidation of lipids, proteins and DNA is 



Ap op t os'i s ( c e 1 1 
5 %) reduced in 
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significantly reduced. This results in significant inhibitiori 
of activation of metalloproteinases and adhesion., 
molecuies which, are involved ijj tfte; sfcin ag^ng process.., and 
potential c,a.rGinog©nesis . Siiriilar products Ga.n also: .be used 
in oral ©are and in the treatment of psoriasis. . Standard 
methods ui,ed in the prior art yere used to perf drm such 
experiment,® (for instance.., ..methods des&ribed in. '^Methods in 
EnzyiTiology" series) . 

Cardlova.scul,ar Di seases : As mentioned previously , we 
fomd that the application; ot atomiC: :hydrdgen rich pr,oduct.s in 
~ vitro and in. - vivo prevented oxidative qatsjag© to lipids, 
lipoproteins and Dmit was also shovrj that stabilized atomiG 
hydrogen ehhanoed antioKicianta inhibit the activation; of Jf3K~l: 
protein kinase. Additionally, aetivation d 
factors NFOB, AF-1 and ATF was inhibited, 
prevented activation of metalloprGteinases, and 
moleGuies. All of the above mentioneid 
beneficial in the prevention and treatment of ^xteriosplerosis 
and Other cardipvasdular diseases:, [Th, Forp^ et al., Girc, 
Res. , Vcl. 73 ,: 9^7 {19:^6) i] in - vii/o expedliuents with New 
Zealand white raJstaits that were fed: cholesterol rich food 
showed that drinking of ato:ric hydrogen 
.significantly reduced deposit foEK^ation. in, 
Preiiminary results with human yolunteera s.ho.we.d the 
improveinent in eardiovascular performahce and the reductiPh in 
thickness pf srterisl plaqtie. 

Industrial Applications of Stafoili^ed AtoraiC: Hy drogen : 



|f transdription 
IThis inhibit ion: 
'VCW~1 adhesion 
activities are 



rich water 
the arteries . 



Many fqpd products, pilS: and waxes, hydrocarbons, rubbers, 
petroleum chemicals, poiymerizable resins, adhesives, polymer 
precursors, sealants and similar materials are sensitive to 
oxid£t.ion mediated undesired changes such as food spoilage^ 
oxidative decomposition or oxidative pDlyKerization. 
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MtlGxidants can preveHt such ^ «ndesiraba 
scavenging: .free radicals and oth^r reacti-^re 
[US Patent 5,834,509/ page 8 fox InstanGe] Stabiilzed atomic 
hydrogen can be. efficiently used to prevent !^uch lindesirable 
oxidative changes. Cage - like compounds used and active 
compositions are similar to those applied for pharmacsuticai 
purposes. Thos.e; skilied in the . art will be familiar with the 
methods how to use and test., the' efficiency of stabilized 
atoirtic hydrogen enhanceti antioxidants for such ptirposes. 

Thus, while there l^^a^e shown and described and pointed 
out fundaraentaX novel features of the invention as applied to 
a preferred enibodiir.ent thereof, it v^ill be understood that 
various omissions , and substitutions and changes in the form 
and details of the deviee.s. iliustrated:/. \ and. in' their 
operatipn:, xnay be made by those skilled in the art without 



For exainple, it 



departing frbia the spirit of the iiivsntion. 
Is expressly intended that all eambinations of those elements 
and/or method steps which perform substantially the same 



Chi eve the sa,ms 
Moreover p it 
elements and/or 



function: in substantial iy the same way to a 
results are within the scope of the invention 
should be recognized, that structures and/or 
method steps shown and/or described in connection with any 
disclosed forni or embodiment of the invention may be 
incorporated in any other disclased or described or suggested 
foiTf, or embodiment as a general matter . of design choice . It 
is the intention, therefore, to be limited only as indicated 
by the scope of the ciaiins appended hereto. 



W0 9S/7M75 



Fd>'US9S/iS9a7 



15 



25. 



CIA2HS 

1. An encaged atoiriic hydrogen, cOitiprising an atomic 
hydrogen and a cage-like compound, said: s^ricaged atomic 
hydrogen having iow toxicity... 

2. A pharn5acent.ical composition, corr:prising the encaged 
atomic hydrogen of claiffi 1 in an antioxidant effective amount 
f rom about 1 to about 1000. .mg./.l.. 



3:. The phansaceutical composition, of cl 
com.p.risin.g a t.hiol antio.xidant compound.. 

^. the pharmaceutical coinposition of cl 
comprising a poiyphenol cosfipound- 



jaim 2, further 



further 



5i The pharmaceutical composition of claim 2, further 
cornprising a liposGane, 



, 5,. The encaged atomic hydrogen of claim 
cage-like Gompound is selected from the group, 
cofoalamines^ silicates, silica, quartz, £e0i 
porphyrihes, chlorophyll, salen^mangane^e compl 
cdbait CQxnplexe? and transition metal cycl 
corapieKes . 



wherein: said 
consisting of 
Ites, clays, 
«xes , saien 
ic organic 



20 7. A xnethod of prodiicihg an encaged atomic hydrogen, 

comprising .the steps, of; 



anode 



a. produeing an atomic hydrogen by 
in a. chamber having a cathode eoit^artment con 
water and as anode compartment containing 
the redOK potential of said cathode water is 

raore than 700 m¥ and the pH of said cathode 
about 11; 



ei.ect.rdiy.z 



ing water 
aining cathode 
water until 

reduced to no 
v;atsr becomes 
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b,. adding a cage-like coiapoxind toi said cathode 
comparl-m^nt during, said elect ralysis to : form af^ encag&d atomic 
hydrogefi; and 

G. collecting ^aid^ encaged atomic hydicogen; from said 
5 cathode, Gompairtrasnt. . 



The msthod of claiits ?, wherein 
Gompomnd is qyanacobalartiin. 



said caqe-like 



The method of claims B, wh^reiri. the pon cent rat ipri of 
said cyanocdfcsalaimin is 5G ppm* 

IQ- . Tne i&ethQd of claim, 7, further eojn|irisin.g, the step 
of addihg tadtassitsffi chloride to tooth said cathode corEipartiTierit 
ahd said alnode cpiEipartment djixirig said electrolysis so as to 
enhance the conductivity of said water. 



11* The method of elaiih 10, wherein the 
15 said pota^sitM fchlotide is afoput 2 DO ppm. 



iconcentratf on of 



j12 K The method of claim 7, f urther coin^risihg the step 
of irradiating said Gathode water with a pulled xenoh flash 
lamp during said eiectroiysis. 

13- the method of claim 12, wherein said cathode Water 
20 is irradiated with said pulsed xenon flash laitis . at wavelengths 
between 185 and 230 nm. 

14. A method of producing an encaged Atomic hydrogen, 
eomprlsing the steps of : 

a . producing a hydrdgeh plasma; 



"to 
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i?. adcling an eifeGtiye: smoiint of water! 
hydrpgeri: plasma; 



vapor to ssaa 



c. introdueirsg. satid hydrogen plasx^e: i^^cl said, water 
^mpor to a qiiatz tube,' and 

d. eneaging said hydrogen plasiaa iptb a :cage~li.ke 
compound. 



15. i^he method: of claim 1:4, wherein said 
13 generated by a microwave Q&n&rator, 



16. h ffiethpd of producing an. antioxidant! actian in the 
body .of a patient, comprising orally adiftinisftering to, said 
patient 5G0 ml per day of the encagsd atpmic h\|drogen produced 
according to ariy of claims 7, 12 or 14. 
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